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A1 A2
Solar

panels

F. ). Tapiador; R. Checa; M. de
Castro. 2010.

An experiment to measure the
spatial variability of rain drop
size distribution using sixteen
laser disdrometers.
GEOPHYSICAL RESEARCH
LETTERS. 37

Embedded PC GPRS antenna
Gel battery
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DUKE UNIVERSITY | PRATT SCHOOL OF ENGINEERING »

Sign Up to Access Data Search |

' I P H Ex Integrated Precipitation & Hydrology Experiment

Home Project Overview Field Campaign Modeling

Study area (GSM and Pigeon
Basin)

Instrumentation & Sensors

Data Center Documents News

Instrumentation and sensors

For details about any instrument deployed on the field click the links provided.

Long-term GV observations Sensor Provider Inventory
- Rain Gauges Duke 44: TB03/0.2; TB03/0.1; HS305A Click for details
PK monitoring site University
IPHEX 2014: IPHEX-GVFC Precipitation Nasa- 38 (Soil moisture/temperature) Click for details
volume and rain IFloods

Extended IPHEX-GVFC
IOP IPHEX-GVFC

rate

Download Data

Disdrometers

Drop s

distribution
NASA
NASA
NASA

12 PARSIVEL (P1)

8 PARSIVEL (P2)

3 Joss and Waldvogel acoustic disdrometer (JWD); 3
additional maintained by NOAA

5 2-Dimensional Video Disdrometer (2DVD)
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20

Ensemble of 50 .
arrangements .
a 1 m3 space A

T-matrix multiple scattering
calculations for a variety of

arrangements, frequencies and
temperatures

- Complex refractive index
depends on temperature,
(salinity) and frequency

- Length scale factor depends on
frequency
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Plan: Ka, Ku bands, more Ts, more RDSDs
Problem: computing time / memory reqs
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* DSD research [modeling]

* Case studies over Spain

* Climate models validation

* New equipment
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Issue

* Empirical fits to the gamma function are not
proper PDFs

'72.-(D)T€3 — A/\TE;FM(D/Dm)

[(4) (4+ p)+t*
44 T(4+ p)

X,u,e—(4—|-u)X

FM(X) —
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Why do we want DSDs to be
probabilistic (N;-linked with PDFs)?

- Mathematical consistency: robust parameter
estimation requires PDFs.

- Physical modeling: DSD comes from a random
process.

- We want a coherent set of units.

- To build a Z/R relationship with independent
parameters.

- To analyze microphysics in terms of physically-
meaningful parameters [not a and b].
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What is a PDF?

—

p(D) € [0,1]

[o(D)ip =1 Lp(D) € R p(D) >0
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Main moments

PDF—based  z-ina@t7.0md) v +7.0m0)

F(p +1)

DSD mOdEl W = koNrA~ 37(“+4Dmuli\(L+Xl(;b+4DmnA)

R =kuv:N A_(3+V2)‘Y(,’L+4+v?_aDmxA)_ (e + 4+ vy, DiyinA)
3UVIINT Tt 1)

A~ ly(l"'+5 DmaxA) 7(#”*‘5 DmmA)

TABLE 2. Summary of the RDSD modeling with the number of Dm dOCS not
drops per volume N7, the sample mean m, and the sample variance + +
o? as the independent variables, including the moments and the Y(M 4 Dmax A) Y(IL 4 DmmA)
equations for the Z—-R relationship; I'(-) is the gamma function and depend on N T
v (+) is the incomplete gamma function.

Raindrop size distribution 02 — A—?.Y(l"‘ + 6’ DmaxA) B ‘Y(I'L + 6’ DminA)
n(D) = NyDrA*_E P " Y(p +4, DpnaxA) — ¥( + 4, DipinA)
F(p+1) 2

O Independent variables N7, m, and o _ [Y([L + 5, DmaxA) - ’}’([L + 5, DmmA) does not

=ml/o L)
w=(m?— o) ‘y(;L = 4, DmaxA) - ’)’(/.L = 4, DrmnA)

Parameters d
, - epend on N
ki = 1.0 for Z in mm®m™3 T
kz = /6000 for W in mm3m—31
k3 = 6m/10000 for R in mmh ™ - 2
Dpin diameter of the smallest measurable drop Scaled lntercept parameter N, w (depends on N T, M, and o )
D, . diameter of the largest measurable drop 4
vy = 3.78,v, = 0.67 (Atlas and Ulbrich 1977) N = 4k N A ['Y(IJ« +4 4+ vy, Do A) — y(p + 4 + vy, DmmA)]
w

NT
TPw F(/J‘ + 1)[7(/" + 5 DmaxA) 7(/1' + 5 DmlnA)]
Tapiador et al. 2014, J. of Hydromet.
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N, m, o“

m and o?are physically
related because of hydrodynamics

Parameters —
[m, 0]

are highly correlated in real rainfall

so you end up with just [N, D, ]

S —
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How does thls approach dn‘fers from
other DSDs?

eo—AD

D N. uAu-l-l
n(D) = Nr - p(D M+>

Only apparently similar to for instance
Ulbrich’s DSD:

n(D)uw, :’Lé?_AD

[Note that units for N, are m##]
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Microphysics a
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Microphysics
Quantitative evolution of the DSD
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Microphysics
Quantitative evolution of the DSD

1
lim f p(s,x;t,v)dy = 0;
t=s{ —§ ly—x|>€e

1
lim f (v — x)p(s,x;t,v)dy = f(s,x) = DD);
t—s t — 8 I _ )
y—x|>€e

1
lim f (v — x)?p(s,x; t,v)dy = g%(s,x) = D@ ;
tost — S T
|y—x|>e
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Microphysics
Quantitative evolution of the DSD

e—Axx e—Ayx
lim f (y — x)xkxpbx+l — yHypby*e —dy =D
t>st— S )iy xp>e F(pe+1)° F(py,+1) -
1 —Axx e—AyX
lim J (y — x)2xHxpbxtl yHy APy +l dy = D
t>s = S Jjy_x|se F(pe + 1) I(py +1)
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/\4 A;H-l Dmax -
— . T, M,
Zre = Wlewlgk4F(#+ N /D,,, DFe AP oy (D, \)dD
A}L'{‘l Dma;t
k = 4.343 - k;,F(—Jrl)NT DteAPg (D, \)dD
H D,in

ApTH1 Drnax
P, = kG—+A’T/ Dte 2Pqo (D, \)dD
Dmin

Ap+1 Dpmax
P, = ky—— Ny / Dte=APg_ (D, \)dD
Dmin

[pe Dte=Mg, (D, \)a(D, \)dD
Pa — A’TTl men

Jpe= Dre=ADg (D, X)dD

Polarimetric radar

Using those equations, it is possible to retrieve Ny and build tables for m and o?
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* Multiple scattering calculations
* DSD research [modeling]

e Case studies over Spain

* Climate models validation

* New equipment
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Multisource [GPM+Meteosat+GR+Models]
Case Studies

DRP on GOOGLE EARTH

'METEOSAT IR10.8
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Ground Radar — DPR comparisons

(m)

Altitude

I ! O T T T T T
0 0

Distance along transect (km)

GROUND RADAR

, 12000 -
6 - -
3
v
(o) 4 2 | s
E 3 4 i
z
(a 2T . - L
G Il 0 T T T T T
0 0 140

Distonce along transect (km)

2015 NASA Precipitation Measurement Missions (PMM) Science Team Meeting 35



@ UCIL[M

Earth and Space Sciences (ESS) Group, UCLM, Toledo, Spain UNIVERSIDAD DE CASTILLA-LA MANCHA
WRF deli t3k luti
Fest: 15.83 h Valid: 1550 UTC Fri 22 Aug 14 (0950 MDT Fri 22 Aug 14 w8
Rain water mixing ratio (Added field, factor of 1.00) -
Snow mixing ratio (Added field, factor of 1.00) 2o 8
Graupel mixing ratio XY= 330.0,280.0 to 395.0,280.0 3 0>
. . T) 2 Hee
C1r<éblaatn Ectors _______________ _ ¢ ke S e o
: pureg — 3 . :ons
= () 1 oce
£ = 3.325 OLDM H
:_‘ ﬂ\v 10 20 30 40 50 60 70 ag)s::m;oik;;m 120 130 140 150 160 170 180 190K7
;-— 1.478 200 E? i o kg™
?‘ 656 400; _: w
o 291 i -
= F b ) |1
o E. 1 1 -129 SN feoas L
=) i ] R i
_ o0 fo N NI
8600 = N ; VA Mo
8 - || O gl il
7] F- c o
E‘) E — ) w0 | L oo1
700 c 5 50 160 170 180 190 -
8, 3 | o2s B e I 3
E \ || E =N .
E N o011 " - E
800 F \ A Wb Z 3
F N - — Al - [y
F \ - g 1 E ; "
C \ - — .005 0 E. .
" 3 z 3ol -
900 E — Swo T T -
c 3 1 002 | S Y
1000 :— L o1 ,E : -
E L | m o0z
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 — o
W Distance (km) E N R

2015 NASA Precipitation Measurement Missions (PMM) Science Team Meeting 36



Earth and Space Sciences (ess) Group, UCLM, Toledo, Spain

@ UCIL[M

UNIVERSIDAD DE CASTILLAR-LA MANCHA

Multiple scattering calculations
DSD research [modeling]

Case studies over Spain
Climate models validation

New equipment
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THE PROBLEM OF THE

REFERENCE DATABASE
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Tapiador, 2008, Journal of Climate



Tapiador, 2010, Journal of Climate
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* Multiple scattering calculations
* DSD research [modeling]

* Case studies over Spain

* Climate models validation

* New equipment
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more
disdrometers
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current radar

Guardiola-Albert, C; Rivero, C; Monjo, R; Diez-Herrero, A.; Yaglie,
C; Bodoque, J.M.; Tapiador, F.J. 2015. Quantitative precipitation
estimation in a small mountainous catchment using X-band
radar data for convective and stratiform events. Submitted to
Journal of Hydrology.
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new radar

(fingers crossed)

TECHNICAL DATA

SYSTEM METEOR 60DX

Mode Doppler, Dual-Polarization
Type mobile [ fixed
Operating Frequency Range 9300 - 9500 MHz (X-Band)
Pulse Width 0.3ps-33ps

Pulse Repetition Frequency [PRF] 250 - 3000 Hz, user selectable
Typical Operational Range / 100 km / 600 km
Technical Range

Maximum Velocity +96 m/s

System Phase Stability 0.5°
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Thanks
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